DISCLAIMER
Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. Water temperature was very important in determining the distribution of largemouth bass , Micropterus salmoides, in a South Carolina reservoir receiving thermal effluent from a nuclear reactor. Bass were restricted in movement by lethal water temperatures and utilized a greater proportion of the reservoir in winter months as compared to summer months. Bass selected temperatures close to 300C and avoided temperatures above 310C.
Onder normal, unheated conditions, bass dispersed throughout the reservoir This study is the first in which multichannel radio transmitters were surgically implanted in free ranging fish, permitting the telemetry of temperatures from five parts of a fish's body and from its surrounding water. In general, body temperatures followed water temperatures closely, but rapidly 6 · changi ng temperatures produced lags between body temperatures and water of as much as 3.5IC. It appeared that skin exchanged heat fastest with ' water , heart second fastest and coelom and dorsal muscle exchanged heat with water at the slowest rates.
Theoretical calculations and experimental data confirm that air movement quickly strips away the boundary layer from turtles and similar shaped organisms up to 10 kg in mass. In still air, boundary layer thickness is inversely ., related to the difference in water vapor density at the surface of an object 8% and in the free air.beyond the boundary layer. For dry turtles and lizards this difference is small and the boundary layer is greater than for wet surfaces.
Fed and non fed turtles may spend the same amount of time basking under identical laboratory conditions . Experiment s to determine if there is a thermophilic response to feeding in these animals are ongoing and will continue over the next two years. All of these objectives will have been met by September 30, 1980. Details are given below.
THERMOREGULATORY MECHANISMS OF TURTLES
Our analysis of the energy budgets and climate space of the turtle Chrysemys scripta was completed by the fall of 1979 and a working manuscript has been prepared. We also have completed a manuscript on the behavioral thermoregulation of turtles in a nuclear reactor cooling reservoir (Par Pond on the Savannah River Plant, Aiken, S.C.). This manuscript (Spotila et al. 1980a ) is scheduled for submission in July 1980. It combined the data from our previous manuscripts on the microclimate of Par Pond and the response of turtles to thermal effluents in that reservoir. Completion of these manuscripts was the first phase of our effort to define the thermoregulatory mechanisms by which the turtle C. scripta adjusts to thermal effl uents. Operative environmental temperature (Te) (Bakken 1976 , Bakken and Gates 1975 , Bakken 1980 ) is a good predictor of the basking behavior of turtles.
Kenneth Crawford has completed his analysis of the data from his Te study of 1979 and has completed his thesis (Crawford 1980) .
We have defined T as the "operative environmental temperature" 3 en.6 u 3.tticto Gates 1975, p. 261 and Bakken 1976, p. 351-352) . That is "Te may be identified as the temperature of an inanimate object of zero heat capacity with the same size, shape, and radiative properties as the animal and exposed to the same microclimate. It is also equivalent to the temperature of a blackbody cavity producing the same thermal load on the animal as the actual nonblackbody mi croclimate, and therefore may be regarded as the true environmental temperature seen by that animal". (Bakken and Gates, p. 261, 1975) . For an ectothermic turtle, with no pelage, Te is the temperature of the environment as experienced by the animal and is an index of the thermal load placed on the animal by its environment.
Operative environmental temperature is a generalization of the operative temperature stress index developed by Winslow et al. (1937) . While well suited for use with naked, ectotherms that exhibit low rates of evaporative water losi (turtles, lizards), it is not applicable to homeotherms that have pelage. In that case the proper thermal index is "standard operative temperature" (Tes) 0
This index has been discussed by Bakken ( 976) , Robinson et al. (1976) , and --.
., ' 5 Mahoney and King (1977) . Recently Bakken (1980) has reviewed the evolution of the T term from the operative temperature concept of Winslow et al. (1937) es and Gonzalez et al. (1974) and the standard operative temperature of Gagge (1940) , Kerslake (1972) and Gonzalez et al. (1974) . As now defined T i s a di rect es index of sensible heat flux. Since it includes body temperature and the insulation of pelage in its definition it is most useful for homeothermic animals 1 (Bakken 1980) and not readily applicable to ectotherms (Bakken 1976) . 1
Since Te is the "true" environmental temperature and is equivalent to the temperature of an inanimate model of an ectotherm we were able to measure Te for a turtle by constructing a cast of the animal and using it as a "Te thermometer".
This was similar in concept to the use of the Vernon (1932) globe thermometer which was designed to measure the heat stress on a human in an indoor environment (Kerslake 1972, pp. 67-72) . However, it was much superior in both theory and practice. Vernon's "thermometer" was a blackened copper toilet float and had nearly the same operative temperature as a human due to a similar relation between convection and radiation (Kerslake 1972 
Tempe*ature and Distkibution
Under normal unheated conditions, bass spread throughout the reservoir.
Reduced reactor water fl ow lowered' the water level throughout the reservoi r and temperatures were normal. Ross located bass by fishing with artificial lures and by electroshocking. She found that although fish were dispersed in all parts of the reservoir, they were concentrated in six main areas (Fig. 10 ).
Bass and bluegills were found along both shorelines just outside Sanctuary
Cove, but much of the shoreline between this area and Powerline Refuge was devoid of bass. Powerline Refuge, at a depth of 10 m, was one of the deepest locations in the reservoir. The deep, cooler water always contained a relatively large number of bass. The western shore near Powerline Refuge was shadowed with 4 trees. Bass were usually caught along this shoreline. The northeastern shore was more shallow but contained an abundance of dead trees and stumps. This area was representative of typical bass habitat and supported a moderate number of Pond C bass. The greatest concentration of all species and sizes of fish was located in Canal Cove. Fish congregated at the inflow area where the reacton cooling water spilled over the rock-lined canal into the reservoir. This was , the deepest area within the cove (7 m). Many large bass and bluegill were caught by electroshocking. Many smaller fish were also present between and This cooler, heavier water sank to the bottom and provided cool spots throughout the cove (Fig. 11) . Channels,.apparently dug by alligators as they moved through the area, provided cool water pathways which led from two of the streams through Sanctuary Cove to the deeper water beyond. Smaller fish confined themselves to shorelines in small groups of up to 10 fish. Adult bass inhabited areas in the aquatic vegetation and under floating boards. Bass were sometimes crowded two to five abreast under the boards. Adults also occupied specific shoreline areas which were shaded by overhanging trees and bushes. Adul t bluegills populated the warmer (32 -42'C) water outside Sanctuary Cove in Coves 2 and 3 (Fig. 10) . The remaining water channels in Pond C were barren of fish. These observations were consistent with the reports of Clugston (1973) and Siler (1975) The importance of temperatures of 310C or lower to bass was also indicated '
by the body temperatures of 11 bass caught in Sanctuary Cove in March 1980.
Mean stomach temperature was 29.60C with a range from 25.OIC to 31.OIC. Although these bass had temperatures from 10 to 340C available to them in the refuge area most of them were operating at a temperature of 29 to 319c. Clugston (1973) found a preferred temperature of 27 to 30'C for adult Pond C bass and Siler (1975) , using gill nets in Pond C, caught bass in water of 27 to 350C under heated, winter conditions. . Body temperatures of these bass were not known. In other studies Coutant (1975) reported preferred temperature and optimum growth rate at 270 C for adult bass in Tennessee lakes, Dendy (1946) 
Tempe,ictuke Telemetry
This study is the first in which multichannel radio transmitters were surgically implanted in fish permitting the telemetry of temperatures from five parts of a fish's body and from its surrounding water. Fish were unrestrained and moved freely in their natural habitat in Pond C. From the shore or froma boat it was possible to follow their movement from as far away as 300 m. Muscle, skin, heart, two coelom temperatures and water temperature were transmitted every two minutes and reco rded at varying intervals. Upon release, and whenever 1 possible at other times, data were recorded continuously. At times when bass remained in one area, data were taken every 15 minutes.
A total of five bass were successfully implanted with transmitters. Of these five, two bass were tracked at normal temperatures, and three at heated temperatures. In general, body temperatures followed water temperatures closely but rapidly changing temperatures produced lags between body temperatures and water of as much as 3.5'C. A typical data set ( Fig. 13) returned to a cool area, dorsal muscle temperature continued to heat due to thermal lag, even while the exterior of the fish was cooling (second* Fig. 14) . This pattern continued throughout this track and was also apparent for the coelom (Fig. 15) and heart (Fig. 16 ). This fish left warm water when its exterior was exposed to temperatures near 31' C even though dorsal muscle temperature was 27.fc, coel om temperature was 27.10 C and heart was 28.liC. When this fish encountered large changes in water temperature its internal body compartments showed considerable lag in temperature. It appeared to be responding behaviorally to high water temperature well before (e.g. 30 min., Fig. 14) its body compartments equilibrated to water temperature. This is of interest because the bass continued to heat internally evenwhen it entered cooler water. Other bass showed similar thermal responses. Large temperature differentials (1.0 -3.QC) occurred most often when bass were crossing a cove or traversing the reservoir, swimming through many different water temperatures in a relatively short time.
The close relationship between bass body and water temperature is expected of small poikilotherms because of limited heat storage capacity and conductive heat exchange with the water (Spotila 1980 ). It appears that skin temperature exchanges heat fastest with water, heart second fastest, and coelom and dorsal muscle exchanges heat with water at about the slowest rates. Kubb (1979) found rates of heat exchange in bass were fastest in the heart, slowest in the mid-gut region, and intermediate in the brain. The heart and . "know" 1its thermal time constant to consistently keep its internal body temperature below lethal levels, otherwise heat lag within its body would result in a continued rise in body temperature even after the fish entered cooler water.
This rise above external temperature is not always a set rate of temperature change, but is dependent on the size of the fish (Kubb and Spotila 1980) , amount of time spent in a particular temperature, and the steepness of the thermal gradient. To prevent internal compartments from reaching lethal temperatures, the bass must seek cooler water far in advance of the anticipated critical internal temperature. Heat exchange is fastest at the skin surface and so it seems likely that sensors located here would recei ve immediate reinforcement for thermoregulatory behaviors. Crawshaw (1979) reported that the ability· to sense changes in peripheral temperature is well-devel oped in edtotherms. This is supported by the findings of Bardach (1956) and Dizon et al. (1974 Dizon et al. ( , 1976 . .
Peripheral temperature sensors have been implicated in the regulation of body
temperature in ectotherms (Myhre and Hammel 1969 , Crawshaw and Hammel 1971 , 1974 The motivation for temperature selection and reasons for deviations from anticipated physiological optima must be strong behavioral preferences. For example, 1 although a bass telemetered under heated conditions could have achieved a preferred temperature between 20 and 310C, it behaved as though using Neill's (1979) reactive mechanism of thermoregulation by moving away from undesirable temperatures. Coutant (1975) found habitat preference for stumps and rock outcrops by bass overruled optimum temperature selection. Reynolds (1977 pointed out that non-thermal stimuli may provide the adaptive or ecological value for such .., deviations. ' We conclude from our study of Pond C bass that behavioral stimuli interacted with optimal temperature selection of the bass under heated and normothermic conditions and that these bass selected an optimal habitat rather than an optimal temperature.
The successful completion of. this study signal s that we have met the first three research objectives for this year. It has also raised several 
EFFECT OF BODY SIZE, PHYSICAL CHARACTER ISTICS AND PHYSIOLOG Y ON THE THERMOREG ULATION OF LARGE ECTOTHENM S

Boundat# Lager Studied
We have continued our theoretic al calculati ons on the effects of body size on thermoreg ulation. Reanalysi s of our data and that of Tracy and Sotherlan d (1979) by us and them has clarified the role of boundary layer resistanc e in the evaporati on of water from biologica l surfaces. Using bird eggs as a model system we demonstra ted that air movement quickly strips away the boundary layer from eggs, turtles and similar shaped organisms up to 10 kg in mass.
At a wind -1 speed of 100 cm s the boundary layer resistanc e (rb ) of a 10 kg sphere is -1 15 times less than in still air and at 400 cm s it drops to almost zero (Spoti la et al. 198Ob ). An apparent contradic tion between theoretica l calculation s by Tracy and Sotherlan d and our experimen tal data has been resolved. In still air, boundary layer thickness is inversely rel ated to the difference in water vapor density at the surface of an object and in the free air beyond the boundary layer. For bird eggs, turtles with dry shells, and lizards this differenc e is small because internal resistanc e is large and the concentra tion of water molecules at the surface is small. Thus boundary layer thickness is greater and rb is larger. Therefore , while our agar replicas are excellent models for the measureme nt of boundary layer thickness and rb for biological surfaces in moving air, they underesti mate rb and boundary layer thickness under condition s that are predomina ntely affected by natural convectio n.
Nu,OtxLt,E onat St%ka and Bashing Behavuk 06 Tu,«eed
We have demonstra ted that basking is an important thermoreg ulatory behavior
in turtles (C. scripta) under natural conditions ). Since Gatten (1974) reported that recently fed C. scripta had a higher preferred body temperature (29.liC) than non fed individuals (24.6PC) we hypothesized that fed turtles should bask more often and/or for longer periods of time than non fed animals, resulting in higher body temperature through time. As a first step in testing this hypothesis we have completed one phase of a laboratory experiment to 1 1 determine the effect of feeding on the basking behavior of C. scripta.
Ten C. scripta were held in each of two isolated enclosures (25FC) with free access to water, dry substrate and a light-heat source above the dry substrate. One group was fed a diet of meat and vegetables while the other was not fed. Behavior was filmed during the light phase of a LD 12:12 photoperiod during the six weeks of the experiment. Preliminary data analysis suggests that there was .no statistical difference in basking times between the fed and non fed groups during the first replication. The second replication is underway and 1 definitive ·results will be available upon its completion. However, it seems that our turtles are not acting as expected if feeding causes a thermophilic response.
This raises some important questions. Many authors have reported that ..' lizards and snakes (Regal 1966) and turtles (Moll and Legler 1971) initiate or prolong thermophilic behavior and basking, in response to feeding. Body temperatures are elevated above fasting levels for recently fed snakes (Benedict 1932 , Regal 1966 , Kitchell 1969 , McGinnis and Moore 1969 , Goodman 1971 , Saint Girons 1975 , Van Mierop and Barnard 1976 a lizard (Witten and Heatwole 1978) , turtles (Gatten 1974, Schuett and Gatten 1980) and crocodilians (Lang 1979) .
Others have reported no response in an iguanid lizard (Case 1976) , aquatic turtles (Boyer 1965) and a crododilian (Diefenbach 1975 ). The exact relationship between feeding, basking behavior and body temperature is therefore unclear.
That is the preferred.body temperature for fed animals (Gatten 1974) . The majority of the evidence suggests that feeding should cause a thermophilic response in turtles and other reptiles although this response may be affected by other factor# such as heterogeneity in the thermal environment* aceli*ation or water temperature, social interactions, past history, health, enzyme kinetics, etc. We plan to investigate the interrelationships of some of these factors in the thermoregulatory behavior of C. scripta.
Our first action will be to complete the current experiment and analyze that data.· Then we will conduct a series of experiments on the basking behavior and body temperatures of fed and non fed C. scripta acclimated at 10, 20, 30, and 350C in an environmental chamber containing a heat-light source, dry substrate and water. We expect fed turtles to bask more often and have a higher body temperature than non fed animals, especially at lower ambient temperatures (10 and 20'C). Finally we will begin to study digestive efficiency and enzyme efficiency.
of turtles held at these temperatures. These experiments will be conducted over the next three years and are described in more detail in the renewal proposal that accompanies this report.
CONCLUDING COMMENTS
During this year we have published five articles (Gibbons et al. 1979a , Gibbons et al. 1979b , Kubb and Spotila 1980 , Paladino et al..1980 , Spotila et al. 1979 ) and one note , two articles are in press (Davis et al. 1980, Spotila et al. 198Ob) and six are in preparation or submitted for review. Four master's theses were completed (Crawford 1980 , Ross 1980 , Schubauer 1980 and Weinheimer 1980 Dorsal muscle (*), skin (0), coelom 1 (®), heart (*) 9
water (%9), and coelom 2 (0) temperatures for a bass 
